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Abstract
The X(1835) has been treated as a baryonium with sizable gluon content, and to be almost flavor
singlet. This picture allows us to rationally understand X(1835) production in J/ψ radiative
decays, and its large couplings with pp, η′pipi. The processes Υ(1S) → γX(1835) and J/ψ →
ωX(1835) have been examined. It has been found that Br(Υ(1S) → γX(1835))Br(X(1835) →
pp) < 6.45× 10−7, which is compatible with CLEO’s recently experimental result (Phys.Rev.D73
(2006) 032001;hep-ex/0510015). The branching fractions of Br(J/ψ → ωX(1835)), Br(J/ψ →
ρX(1835)) with X(1835) → pp and X(1835) → η′pi+pi− have been estimated by the quark-pair
creation model. We show that they are heavily suppressed, so the signal of X(1835) is very difficult,
if not impossible, to be observed in these processes. The experimental checks for these estimations
are expected. The existence of the baryonium nonet is conjectured, and a model independent
derivation of their production branching fractions is presented.
PACS numbers: 12.38.-t, 12.38.Qk, 12.39.Mk, 12.39.St
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I. INTRODUCTION
Recently the BES collaboration has observed a new resonant state X(1835) in the η′ππ
invariant mass spectrum in the process J/ψ → γπ+π−η′ [1] with a statistical significance
of 7.7σ. The fit with the Breit-Wigner function yields mass M = 1833.7 ± 6.1(stat) ±
2.7(syst)MeV/c2, width Γ = 67.7±20.3(stat)±7.7(syst)MeV/c2 and the product branching
fraction Br(J/ψ → γX(1835))Br(X(1835)→ π+π−η′) = (2.2±0.4(stat)±0.4(syst))×10−4.
A narrow near threshold enhancement in the proton-antiproton (pp) mass spectrum was
observed from the radiative decay J/ψ → γpp [2]. This enhancement can be fitted with
either an S or P wave Breit-Wigner resonance function. In the case of S-wave fit, the
peak mass is M = 1859+3−10(stat)
+5
−25(sys)MeV/c
2 with the total width Γ < 30MeV/c2 at
90% confidental level and the product branching fraction Br(J/ψ → γX)Br(X → pp) =
(7.0± 0.4+1.9−0.8)× 10−5.
The masses of the two structures observed in both J/ψ → γpp and J/ψ → γη′π+π−
channels are overlap and 0−+ quantum number for the resonance in η′π+π− channel is
possible. A question arise if they are the same state, in Ref.[1] an argument is presented if
the final state interaction is included in the fit of the pp mass spectrum, the width of the
resonance observed in γpp channel will become larger. Therefore, the X observed in both
pp and η′π+π− channels could be the same state and it is named as X(1835) in Ref.[1]. And
this state couples strongly with pp and η′π+π−, in the recent talk of BES [4], the estimation
of Br(J/ψ → γX(1835)) ∼ (0.5− 2)× 10−3, Br(X → pp) ∼ (4− 14)% are presented.
However recently a negative experimental result has been reported by CLEO
collaboration[5]. They claimed that in the radiative decay of Υ(1S) the narrow enhance-
ment observed by BES near pp mass threshold is not seen. The upper limit of the product
branching fraction for the decay Υ(1s) → γX(1835), X(1835)→ γpp has been determined
to be Br(Υ(1S)→ γX(1835))Br(X(1835)→ pp) < 5× 10−7[5].
Moreover, another problem we would like to mention is that because Br(J/ψ →
γX(1835)) ∼ (0.5 − 2) × 10−3 claimed by BES in [1] is rather larger among J/ψ decays
and ω is a photon like vector meson with negative G parity , an experimental measure-
ment of Br(J/ψ → ωX(1835)) seems to be practicable in BES, or at least the signal of
J/ψ → ωX(1835) should be seen in BES. However, there are still not yet any results on
this matter reported by BES, therefore it is urgent to discuss the problem that whether the
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fact that the signal of J/ψ → ωX(1835) is not revealed at the present stage contradicts the
existence of X(1835) or not.
In this case, the existence of X(1835) seems to become a puzzle. Therefore it is worth
pursuing both the reasons why Br(Υ(1S) → γX(1835)) is so small that Br(Υ(1S) →
γX(1835))Br(X(1835) → pp) < 5 × 10−7 and the reasons why there is still not yet any
information on J/ψ → ωX(1835) reported by BES. In this work we try to answer the above
questions, and try to illustrate that the absence of X(1835) signal from the two processes at
present stage is due to the special structure of X(1835).
The theoretical interpretation of this exotic state is a great challenge, and many proposals
has been suggested [6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16]. Some of them interpret X(1835)
as a pp bound state [7, 10, 11, 12], and large enough binding energy to bind proton and
antiproton together has been derived from the constitute quark models[12]. On the other
hand, some authors identify X(1835) as a pseudoscalar glueball [13, 15], and in Refs.[11, 14]
the authors claim that there is large gluon content in X(1835). Also some authors suggest
that the two structures observed in J/ψ → γpp and J/ψ → γη′π+π− are not the same state,
and identify X(1835) as the η’s second radial excitation [16]. Obviously, more theoretical and
experimental efforts are needed to determine whether X(1835) exists or not, and to be sure
that X(1835) is a pp bound state or glueball or something else. Motivated by solving the
puzzles mentioned above and getting the information about the structure of X(1835) , we
investigate the productions of X(1835) in Υ and J/ψ decays in this work. The production
of X(1835) may provide significant information on the structure of X(1835).
So far, the experiments strongly indicate that X(1835) is almost uniquely produced in
J/ψ radiative decays and it has large coupling with pp and η′ππ. Whatever X(1835) is a
glueball or pp bound state or something else, it must meet these two significant experimental
facts. In this work the possibility of X(1835) as a baryonium with sizable gluon content are
investigated. In this picture, the puzzles mentioned in the above can be answered naturally.
The paper is organized as followings: In section II, we suggest X(1835) as a baryonium
with sizable gluon content, whose gluon content is similar to that ofη′. In this picture,
we can easily understand the reasons why Υ(1S) → γX(1835) and J/ψ → ωX(1835) are
not be seen at the present stage. In section III we conjecture the existence of pseudoscalar
baryonium nonet and study its production in J/ψ decay in a model independent way. Finally
we briefly summary the results and give some discussions.
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II. THE POSSIBLE STRUCTURE OF X(1835) AND Υ(1S) → γX(1835), J/ψ →
ωX(1835)
The production of X(1835) in J/ψ radiative decay J/ψ → γη′π+π− may indicate that
there is large gluon content in X(1835), as is shown in Ref.[11, 14]. Also J/ψ → γ+gg, gg→
hadrons provide an important search ground for the glueball[17], some people suggest that
X(1835) is a 0−+ glueball. However the lowest pseudoscalar glueball mass is 2.1 ∼ 2.5GeV
from the quenched lattice approach [18], and 2.05 ± 0.19GeV , 2.2 ± 0.2GeV in QCD sum
rules [19] and it seems difficult to explain the large mass difference between 1835 MeV and
the theoretical prediction mass. On the other hand, even if X(1835) is a pure glueball, it
would mix with other mesonic states, such as η(1440), η(1295) and ηc(1S).
Furthermore in Ref.[12] we shown that X(1835) can be possibly a baryonium and the
relative large mass defect can be produced. In Ref.[11], we pointed out that there is sizeable
gluon content in the Skyrmion-Baryonium X(1860) (i.e., X(1835)) by discussing the bary-
onium decay through baryon-antibaryon annihilation in the Skyrme model. Distinguishing
from the naive (or old fashional) baryonium in the Fermi-Yang type models[8, 20, 21, 22], the
Skyrmion-Baryonium is constructed in the model inspired by QCD, and therefore the gluon
inside the baryonium will play important role in the baryonium physics, e.g, the baryonium
decays and productions. Therefore, the Skyrmion-Baryonium belongs to a sort of baryo-
nium with sizable gluon content. We address that in the naive baryonium model frame-
work, it is difficult to simultaneously explain the large branching fraction X(1835) → pp,
X(1835)→ η′π+π−. The gluon content in X(1835) should play essential role in the X(1835)
decay[11]. So it is natural to treat X(1835) as a baryonium with sizable gluon content, which
looks like η′ in some sense, and mainly belongs to a SU(3) flavor singlet.
In the following two subsections, we will start with this view to examine the branching
fractions of Υ(1S) → γX(1835) and of J/ψ → ωX(1835) respectively. We will show that
the branching fractions of both Υ(1S)→ γX(1835) and J/ψ → ωX(1835) are much smaller
comparing to that of J/ψ → γX(1835). We will also predict the branching fraction of
J/ψ → ρX(1835) is very small, so we see that the process with visible X(1835) may only
be the J/ψ radiative decay at present stage.
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A. Υ(1S)→ γX(1835)
According to Novikov et al.[23], for the J/ψ radiative decay, the photon is emitted by
the c quark with a subsequent annihilation of the cc into light quarks through the effect of
the U(1)A anomaly . The creation of the corresponding light quarks is controlled by the
gluonic matrix element 〈αs
4pi
GµνG˜
µν |Pi〉 (Pi is a pseudoscalar, it can be η , η′, and X(1835)
and so on ). Photon emission from the light quarks is negligible as can be seen from the
smallness of the J/ψ → γπ decay width, this mechanism leads to the following width for
the J/ψ radiative decay into the pseudoscalar Pi
Γ(J/ψ → γPi) = 2
5
5238
πe2cα
3
emK[J/ψγPi]
3(
MJ/ψ
m2c
)4
|〈αs
4pi
GµνG˜
µν |Pi〉|2
Γ(J/ψ → e+e−) (1)
where K[J/ψγPi] is the momentum of the pseudoscalar Pi in the J/ψ rest frame, and
K[J/ψγPi] =
MJ/ψ
2
(1 − M
2
Pi
M2
J/ψ
). Then the ratio of the branching fractions between J/ψ →
γX(1835) and J/ψ → γη′ is
Br(J/ψ → γX(1835))
Br(J/ψ → γη′) =
K[J/ψγX(1835)]3
K[J/ψγη′]3
|〈αs
4pi
GµνG˜
µν |X(1835)〉|2
|〈αs
4pi
GµνG˜µν |η′〉|2
(2)
It is straightforward to extend the anomaly dominance to the case of the Υ(1S) radiative
decay[24, 25]. Then we have
Br(Υ(1S)→ γX(1835))
Br(Υ(1S)→ γη′) =
K[Υ(1S)γX(1835)]3
K[Υ(1S)γη′]3
|〈αs
4pi
GµνG˜
µν |X(1835)〉|2
|〈αs
4pi
GµνG˜µν |η′〉|2
. (3)
From Eq.(2) and Eq.(3), we get
Br(Υ(1S)→ γX(1835)) = K[Υ(1S)γX(1835)]
3
K[Υ(1S)γη′]3
K[J/ψγη′]3
K[J/ψγX(1835)]3
Br(Υ(1S)→ γη′)
Br(J/ψ → γη′)
×Br(J/ψ → γX(1835)). (4)
For the Υ(1S) radiative decay Υ(1S) → γη′, only upper limit has been obtained, which is
Br(Υ(1S)→ γη′) < 1.6 × 10−5 at 90% confidental level[26]. Using again the Particle Data
Group’s value Br(J/ψ → γη′) = (4.31 ± 0.30) × 10−3[26], and substituting it into Eq.(4),
we obtain
Br(Υ(1S)→ γX(1835)) < 9.22× 10−3Br(J/ψ → γX(1835)). (5)
Thus, since BES has already determined Br(J/ψ → γX(1835))Br(X(1835)→ pp) = (7.0±
0.4+1.9−0.8)× 10−5[2], and by eq.(5), we finally get a reasonable estimation:
Br(Υ(1S)→ γX(1835))Br(X(1835)→ pp) < 6.45× 10−7. (6)
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This estimation is compatible with CLEO collaboration’s result of Br(Υ(1S) →
γX(1835))Br(X(1835) → pp) < 5 × 10−7. So it is not surprising that the CLEO col-
laboration don’t see the signal of X(1835) in the Υ(1S) radiative decay, and it doesn’t mean
that X(1835) seen by BES is an experimental artifact.
B. J/ψ → ωX(1835)
In this subsection, we examine the branching fraction of J/ψ → ωX(1835). Since
Br(J/ψ → γX(1835)) is rather larger[1, 2], one could expect Br(J/ψ → ωX(1835)) may
also be reasonably large too, or at least be visible at present stage. In this way the existence
of X(1835) may be rechecked in the non-radiative decay channel of J/ψ. However, this is
only a naive conjecture, and there is not yet any data on this branching fraction experimen-
tally. So a theoretical estimation on Br(J/ψ → ωX(1835)) is necessary. Our estimations in
this subsection are still based on the baryonium picture discussed in the above.
Unlike the radiative decays J/ψ → γX(1835) and Υ(1S)→ γX(1835), where the gluon
component plays important role due to the UA(1) anomaly. For the decay J/ψ → ωX(1835),
the processes to which the UA(1) anomaly contributes are suppressed, and the baryonic
component dominates this process, the same is true for J/ψ → ωη′ . We think the decay
process J/ψ → ωX(1835) proceeds via two steps as illustrated in Fig.1. In first step, the
cc pair annihilate into three gluons, followed by the materialization of each gluon into a
pair of quark-antiquark, this process can be calculated from perturbative QCD to the lowest
order. Also a pair of quark-antiquark are created from the vacuum, and this process can
be described by the quark pair creation model (the 3P0 model). Then in the second step
the quarks and the antiquarks combine to form ω and X(1835). Here, the nonperturbative
dynamics is included by the hadron’s wave functions in the naive quark model.
The quark pair creation model which describes the process that a pair of quark-antiquark
with quantum number JPC = 0++ is created from vacuum was first proposed by Micu[27] in
1969. In the 1970s, this model was developed by Yaouanc et al. [28, 29, 30, 31] and applied
to study hadron decays extensively. The 3P0 quark pair creation model has proven to be a
successful mechanism for describing strong decay of light mesons [32, 33, 34]. It also has
been shown that the 3P0 quark pair creation mechanism may play important role for some
exclusive decay in the charmonium sector[35, 36, 37]. In the 3P0 model, the created quark
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pairs with any color and any flavor can be generated anywhere in space, but only those
whose color-flavor wave functions and spatial wave functions overlap with those of outgoing
hadrons can make a contribution to the final decay width. The hamiltonian for creating
a quark pair can be defined in the 3P0 model in terms of quark and antiquark creation
operators b+ and d+ [34],
HI =
∑
i,j,α,β,s,s′
∫
d3k gI [u(k, s)v(−k, s′)]b+α,i(k, s)d+β,j(−k, s′)δαβCˆI (7)
where α(β) and i(j) are the flavor and color indices of the created quarks (antiquarks), and
u(k, s) and v(k′, s′) are free Dirac spinors for quarks and antiquarks respectively. CˆI =
δij is the color operator for qq and gI is the strength of the decay interaction, which is
assumed as a constant in these processes. In the nonrelativistic limit, gI can be related
to γ, the strength of the conventional 3P0 model, by gI = 2mqγ[34]. In order to cancel
the large uncertainty in gI and the overall constant dependence, we will calculate the ratio
Γ(J/ψ→ωX(1835))
Γ(J/ψ→ωη′) in the following. The process J/ψ → ωη′ is schematically shown in Fig.2,
where the electromagnetic decay process is not shown. For the J/ψ decaying into hadrons,
the ratio between the hadronic decay width and the electromagnetic decay width is about 5
[38], i,e, Γ(J/ψ→ggg→hadrons)
Γ(J/ψ→γ→hadrons) ≃ 5. Thus we can include the contribution of the electromagnetic
decay to J/ψ → ωη′ though the above ratio.
For the J/ψ → PV decays, the parity transformation is conserved, and the transitional
amplitude square is
∑
Λ |M(Λ)|2 = (1 + cos2θ)|A1|2, where Λ is the J/ψ helicity, which is
taken as Λ = ±1 if it is produced from e+e− annihilations, A1 is the helicity amplitude with
vector meson helicity equaling to 1, and θ is the polar angle of the outgoing meson. The
decay width Γ = |P|
6piM2
J/ψ
|A1|2, here P is the momentum of out-going mesons.
1. J/ψ → ωX(1835) → ωpp¯
The color factors for the fig.1 are:
• color factor for fig1.(a), ca = 554
• color factor for fig1.(b), cb = 5432 (to be negligible)
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The amplitude can be obtained according to the standard Feynman rules with the quark
pair creation hamiltonian included, which is expressed as followings:
TΛ,s(J/ψ → ωX(1835)) = C0caα3/2s < φωφX |u(p1, s1)γµv(q1, s¯1)u(p2, s2)γνv(q2, s¯2)u(p3, s3)γρ
v(q3, s¯3)ǫ
(Λ)λ
ψ ×
gµλgνρ + gνλgµρ + gρλgµν
k21k
2
2k
2
3
gIu(p4, s4)v(q4, s¯4)|φJ/ψ >(8)
where C0 is coupling constant for J/ψ → ggg, and αs is the the strong coupling constant. ki is
the gluonic momentum, and the normalization of Dirac spinor is taken as uu = −vv = m/E.
φω, φX and φJ/ψ represent the wave functions of ω,X(1835) and J/ψ respectively. And the
helicity amplitude is:
AΛ,s(J/ψ → ωX(1835)) =
∫ ∏
i=1,4
d3qi
(2π)3
d3pi
(2π)3
d3t1
(2π)3
d3t2
(2π)3
TΛ,s(J/ψ → ωX(1835))
×(2π)3δ3(pω − p1 − q4)(2π)3δ3(p2 + p3 + p4 − t1)
(2π)3δ3(q1 + q2 + q3 − t2)× (2π)3δ3(t1 + t2 − pX)
(2π)3δ3(p4 + q4) (9)
Here Λ and s denote the helicity of J/ψ and ω respectively.
2. J/ψ → ωη′
The color factors for the fig.2 are:
• color factor for fig2 (a): c′a = 5
√
3
54
.
• color factor for fig2 (b): c′b = 5
√
3
216
(negligible).
The corresponding helicity amplitude is
AΛ,s(J/ψ → ωη′) =
∫ d4k1
(2π)4
d4k2
(2π)4
d3p1
(2π)3
d3p2
(2π)3
d3q1
(2π)3
TΛ,s(J/ψ → ωη′)
×(2π)3δ3(qω − p1 + p2)(2π)3δ3(qη′ − q1 − p2) (10)
where TΛ,s(J/ψ → ωη′) is the followings,
TΛ,s(J/ψ → ωη′) = C0c′aα3/2s < φω(qω, s)φη′(qη′)|u(p1, s1)γµ
1
p/1 − k/1 −mγν
1
q/1 − k/2 −mγρv(q1, s¯1)
× ǫ(Λ)λψ
gµλgνρ + gνλgµρ + gρλgµν
k21k
2
2k
2
3
gIu(p2, s2)v(−p2, s¯2)|φJ/ψ >
(11)
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For simplicity, we make use of the on-shell approximation, i.e., 1
k2
1
k2
2
→ −2π2δ(k21)δ(k22), and
with the replacement:
∫
d4k1d
4k2
k21k
2
2k
2
3
→ −π
2
2
∫ Mψ
0
dk01
∫ Mψ−k01
0
dk02
∫
dΩ1dΩ2
k01k
0
2
M2ψ − 2k01Mψ − 2k02Mψ + 2k1 · k2
(12)
3. Numerical results
The spin-flavor wave functions of the mesons ω and η′ are well-known in quark model,
and the spatial wave function is taken as the simple harmonic oscillator wave function,
i.e., φ(k) = (2pi)
3/2
(piβ2)3/4
e−k
2/2β2 . Since X(1835) is assumed as a baryonium with JPC = 0−+,
it’s spatial wave function is the product of the proton spatial wave function, antiproton
spatial wave function and the relative spatial wave function between them. It’s expressed
as followings,
φX = φp(pρ,pλ)φp(qρ,qλ)φpp(t1 − t2) (13)
where φp(pρ,pλ) =
(2pi)3/2
(piβ2)3/2
e−(p
2
ρ+p
2
λ)/2β
2
, and φpp(t1 − t2) is of the same formalism as the
simple harmonic oscillator wave function. with pρ =
1√
6
(p2+p3−2p4), qρ = 1√6(q1+q2−
2q3), pλ =
1√
2
(p2 − p3), qλ = 1√2(q1 − q2), t1 = p2 + p3 + p4 and t2 = q1 + q2 + q3.
The spin-flavor wave function is the followings,
1
2
√
2
{[χρp(↑)φρp + χλp(↑)φλp ][χρp(↓)φρp + χλp(↓)φλp ]
−[χρp(↓)φρp + χλp(↓)φλp ][χρp(↑)φρp + χλp(↑)φλp ]} (14)
where φρp and φ
λ
p are ρ-type and λ-type nucleon flavor wave function respectively, and simi-
larly for χρp/p and χ
λ
p/p .
There are four parameters to be determined in our calculation,i.e., the quark massmu, md,
the harmonic oscillation parameter β for hadrons and X(1835). The quark mass are taken
as mu = md = 0.31GeV. In most calculations in quark model, the harmonic oscillation
parameter is fitted to the hadron decay width, which gaves β = 0.4GeV [33, 34]. The
harmonic oscillation parameter of X(1835) is determined by assuming that the radius of pp
is about 1 ∼ 2fm, which corresponds to the the parameter βX = 0.15 ∼ 0.30GeV. The ratio
of Γ(J/ψ → ωX(1835))/Γ(J/ψ → ωη′) is calculated in terms of different set of harmonic
oscillation parameters β and βX as listed in Table 1. It is clear to see that the ratio is very
sensitive the parameter β and not sensitive to βX .
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TABLE I: Numerical results of Γ(J/ψ→ωX(1835))Γ(J/ψ→ωη′) corresponding to the different set of harmonic
oscillation parameters β and βX , with the contribution of the electromagnetic process included ,
where the quark mass are taken as mu = md = 0.31GeV.
β(GeV) βX(GeV) Average of
Γ(J/ψ→ωX)
Γ(J/ψ→ωη′)
0.15 0.20 0.25 0.30
0.36 6.2 5.9 5.0 4.1 5.2 ± 1.0
0.40 0.15 0.13 0.12 0.10 0.12 ± 0.02
0.46 0.006 0.006 0.005 0.005 0.004 ± 0.0008
0.52 5.9 × 10−4 5.6× 10−4 4.8× 10−4 4.0 × 10−4 (5.0 ± 0.9)× 10−4
As most quark model studies on the meson decays, we use the parameters mu = md =
0.31, β = 0.4GeV as our favorable parameters. In our calculation, the uncertainties are
from the parameter βX , the ignored decay modes depressed by color factor and the accuracy
of the numerical calculation. From our estimation, the uncertainty of the βX within our
setting range is about 20%. The contribution from the fig.1(b) and fig.2(b) are of the same
order as that from fig.1(a) and fig.2(a) respectively. The color depressed decay modes will
bring in uncertainty of about 6%, the uncertainty of the numerical evaluation is about 8%,
then the total uncertainty is about 22%. Including these uncertainties, we predict the ratio
Γ(J/ψ → ωη′)/Γ(J/ψ → ωX) = 0.12 ± 0.02. Using the PDG value Br(J/ψ → ωη′) =
(1.67± 0.25)× 10−4, we predict that Br(J/ψ → ωX(1835)) = (2.00± 0.35)× 10−5.
Comparing this result with Br(J/ψ → γX(1835)) ∼ (0.5 − 2) × 10−3[1], we see that
the production rate of X(1835) in the process J/ψ → ωX(1835) is less than that in
J/ψ → γX(1835) about two orders. Therefore, it is not surprising that the signal of
J/ψ → ωX(1835) has not be seen by BES or other laboratories so far. In other words,
the absence of the signal in the decay J/ψ → ωX(1835) at present can not be thought as
an evidence against the existence of X(1835) .
Using BES’s estimations of Br(X(1835) → pp) ∼ (4 − 14)% and Br(X(1835) →
η′π+π−) ∼ 3Br(X(1835) → pp)[1, 4], we get further two useful estimations about the
product branching fractions:
8.00× 10−7 < Br(J/ψ → ωX(1835))Br(X(1835)→ pp) < 2.80× 10−6, (15)
2.40× 10−6 < Br(J/ψ → ωX(1835))Br(X(1835)→ η′π+π−) < 8.40× 10−6. (16)
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Comparing them with the data[1] Br(J/ψ → γX)Br(X → pp) = (7.0 ± 0.4+1.9−0.8) × 10−5
and Br(J/ψ → γX(1835))Br(X(1835) → π+π−η′) = (2.2 ± 0.4(stat) ± 0.4(syst)) × 10−4
respectively, we see also both Br(J/ψ → ωX(1835))Br(X(1835) → pp) and Br(J/ψ →
ωX(1835))Br(X(1835) → η′π+π−) are also very small. So the signal of X(1835) is very
difficult, if not impossible, to be observed in the process J/ψ → ωX(1835) with X(1835)→
pp or X(1835)→ η′π+π−.
Finally we discuss the production of X(1835) in the process J/ψ → ρX(1835). In this
process the G-parity is not conserved, and it proceeds through a virtual photon cc → γ∗.
Contributions from the isospin-violating part of QCD are supposedly very small. Fur-
thermore the masses of ρ and ω are approximately equal, so Br(J/ψ → ρX(1835)) <
Br(J/ψ → ωX(1835)) (the same holds true for J/ψ → ωη′ and J/ψ → ρη′, that is
Br(J/ψ → ωη′) > Br(J/ψ → ρη′) ). This means that we also can not see X(1835) in
the process J/ψ → ρX(1835).
After the above analysis, we conclude that comparing to Br(J/ψ → γX(1835)), the
branching fractions of J/ψ → V X(1835) with V being ω or ρ are heavily suppressed due
to its special structure. The search for the X(1835) in these decays seems impossible at the
present stage.
III. BARYONIUM NONET AND ITS PRODUCTION IN A MODEL INDEPEN-
DENT WAY
The BES collaboration has observed not only the pp enhancement[1, 2], but also the pΛ
enhancement[3]. These two states can belong to flavor 1−plet, 8−plet, 10−plet, 10−plet, or
27− plet. It seems that at least a baryonium nonet exists. Theoretically, we have predicted
existence of such a baryonium nonet in Ref.[12]. The baryonium nonet was also suggested
from the Fermi-Yang-Sakata model in Ref.[9]. The nonet can be pseudoscalar or vector
multiplet[9, 12], and the corresponding weight diagram is shown in Fig.3 and Fig.4. The
pseudoscalar and vector enhancement octet are respectively denoted by EPi and EVi(i =
1 · · · 8) as follows
Epi± =
1√
2
(EP1 ∓ iEP2), Epi0 = EP3, EK± =
1√
2
(EP4 ∓ iEP5)
EK0 =
1√
2
(EP6 − iEP7), EK0 =
1√
2
(EP6 + iEP7), Eη8 = EP8 (17)
11
It is useful to add the singlet to the octet EP by defining Eη1 = EP0, thereby creating the
nonet EP = (EP0 , EPi). If the pseudoscalar glueball and radially exciting states are ignored,
the physics states Eη′ and Eη are mixing of Eη8 and Eη0 with the mixing angle ϕP
Eη8 = cosϕPEη + sinϕPEη′ , Eη1 = − sinϕPEη + cosϕPEη′ (18)
Similarly for the vector enhancement nonet EV = (Eω1 , EVi), the physics states Eω and Eφ
are mixing of Eω8 and Eω1 with the mixing angle ϕV
Eω8 = cosϕVEφ + sinϕVEω, Eω1 = − sinϕVEφ + cosϕPEω (19)
We identify the pp enhancement X(1835) as the states Eη′ , while the pΛ enhancement should
be EK+ or EK∗+, and EK∗+ is favored over EK+ from the analysis of Ref.[12].
We can consider flavor SU(3) breaking by choosing a nonet pointing to a fixed direction
in SU(3) space particularly for the desired breaking. We will consider two types of SU(3)
breaking, first SU(3) is broken due to ms 6= mu, md(mu = md is assumed), the quark
mass term is md(dd + uu) + msss = m0qq +
√
1
3
(md − ms)qλ8q, where q = (u, d, s) and
m0 =
1
3
(2md + ms). We can see this SU(3) breaking corresponds to a nonet M, pointing
to the 8th direction, i.e., Ma = δa8. Second, the electromagnetic effects violate SU(3)
invariance, since the photon coupling to quarks is 2
3
uγµu− 13dγµd− 13sγµs = 12qγµ(λ3+ λ8√3)q.
This symmetry breaking effect corresponds to a nonet E, given by Ea = δa3+
√
1
3
δa8. In the
following we consider the process of J/ψ → EPP , that means J/ψ decays into a pseudoscalar
baryonium (Epi, EK , Eη, Eη′) and a pseudoscalar (π,K, η, η
′), the process of J/ψ → EPV ,
i.e., J/ψ decays to a pseudoscalar baryonium (Epi, EK , Eη, Eη′) and a vector (ρ,K
∗, ω, φ) and
the process of J/ψ → EV P , i.e., J/ψ decays to a vector baryonium (Eρ, EK∗, Eω, Eφ) and a
pseudoscalar (π,K, η, η′) in a model independent way via SU(3) symmetry with the effects
of electromagnetic and mass breaking of the SU(3) symmetry being considered[39, 40]. Since
the phase space factor is proportional to the cube of the final three-momentum, we define
the reduced branching fraction B˜r(J/ψ → EPP ) = Br(J/ψ → EPP )/P 3P , here PP is the
momentum of the pseudoscalar P in the J/ψ rest frame, and the reduced branching fractions
B˜r(J/ψ → EPV ), B˜r(J/ψ → EV P ) are defined in the same way.
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A. J/ψ → EPP
These processes occur completely due to the SU(3) breaking effects, we can constructed
charge conjugation invariant and SU(3) invariant effective lagrangian involving the symmetry
breaking nonet E or M, which may be written as followings,
Leff = fabcΨµEPa
↔
∂µ Pb(gMM
c + gEE
c) (20)
Here the new parameter gM and gE parametrize the SU(3) breaking effects. From Eq.(19)
and Eq.(22) we can obtain the following reduced branching fractions
B˜r(J/ψ → Epi+π−) = B˜r(J/ψ → Epi−π+) = |gE|2
B˜r(J/ψ → EK+K−) = B˜r(J/ψ → EK−K+) = |
√
3
2
gM + gE|2
B˜r(J/ψ → EK0K0) = B˜r(J/ψ → EK0K0) =
3
4
|gM |2
B˜r(J/ψ → Epi0π0) = B˜r(J/ψ → Eηπ0) = B˜r(J/ψ → Eη′π0) = 0 (21)
The last formula means that the process J/ψ → π0X(1835), X(1835) → pp should be
forbidden, which is indeed not observed [2], and it is forbidden because of C parity.
B. J/ψ → EPV
Following the same way as in the discussion of J/ψ → EPP , we construct the charge
conjugation invariant, SU(3) invariant effective lagrangian including the symmetry breaking
nonet E and M , which may be written as follows:
Leff = εµναβF µνΨ {g8F αβVa EPa + g1F αβω1 Eη1 + [gM,88dabcF αβVa EPbM c +
√
2
3
gM,18F
αβ
Va M
aEη1
+
√
2
3
gM,81F
αβ
ω1
MaEPa ] + [gE,88d
abcF αβVa EPbE
c +
√
2
3
gE,18F
αβ
Va E
aEη1 +
√
2
3
gE,81F
αβ
ω1
EaEPa ]}
(22)
Where F µνΨ is the strength of the J/ψ field with F
µν
Ψ = ∂
µΨν − ∂νΨµ, and F αβω1 , F αβVa are
respectively the field strength of the vector field ω1 and Va. We assume nonet symmetry
holds true within a reasonable approximation, which relate the octet to the singlet, then
the relations g8 = g1 ≡ g, then we have the relations gM,88 = gM,81 = gM,18 ≡ g′M and
gE,88 = gE,81 = gE,18 ≡ g′E . We take the parameters g, gM and gE to be small and calculate
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SU(3) breaking to first order in these parameters. From Eq.(17), Eq.(18), the ω− φ ”ideal”
mixing and the lagrangian Eq.(22) we get the following reduced branching fractions:
B˜r(J/ψ → Epi+ρ−) = B˜r(J/ψ → Epi−ρ+) = B˜r(J/ψ → Epi0ρ0) = |g + 1√
3
g′M +
1
3
g′E|2
B˜r(J/ψ → EK+K∗−) = B˜r(J/ψ → EK−K∗−) = |g − 1
2
√
3
g′M +
1
3
g′E|2
B˜r(J/ψ → EK0K∗0) = B˜r(J/ψ → EK0K∗0) = |g −
1
2
√
3
g′M −
2
3
g′E|2
B˜r(J/ψ → Eηφ) = |g − 2√
3
g′M −
2
3
g′E|2(
√
2
3
cosϕP +
1√
3
sinϕP )
2
B˜r(J/ψ → Eηω) = |g + 1√
3
g′M +
1
3
g′E|2(
√
1
3
cosϕP −
√
2
3
sinϕP )
2
B˜r(J/ψ → Eηρ0) = |g′E|2(
√
1
3
cosϕP −
√
2
3
sinϕP )
2
B˜r(J/ψ → Eη′φ) = |g − 2√
3
g′M −
2
3
g′E|2(
√
1
3
cosϕP −
√
2
3
sinϕP )
2
B˜r(J/ψ → Eη′ω) = |g + 1√
3
g′M +
1
3
g′E |2(
√
1
3
sinϕP +
√
2
3
cosϕP )
2
B˜r(J/ψ → Eη′ρ0) = |g′E|2(
1√
3
sinϕP +
√
2
3
cosϕP )
2
B˜r(J/ψ → Epi0φ) = 0
B˜r(J/ψ → Epi0ω) = |g′E|2 (23)
From the above reduced branching fractions, the following relations can be obtained
B˜r(J/ψ → Eηω)
B˜r(J/ψ → Epi0ρ0)
=
B˜r(J/ψ → Eηρ0)
B˜r(J/ψ → Epi0ω)
= (
√
1
3
cosϕP −
√
2
3
sinϕP )
2
B˜r(J/ψ → Eη′ω)
B˜r(J/ψ → Epi0ρ0)
=
B˜r(J/ψ → Eη′ρ0)
B˜r(J/ψ → Epi0ω)
= (
√
1
3
sinϕP +
√
2
3
cosϕP )
2 (24)
Both because Br(J/ψ → ωX(1835)) is heavily suppressed (please see the previous section of
this work) and because there are not yet any experimental reports on it, we take B˜r(J/ψ →
Eη′ω) = |g+ 1√3g′M + 13g′E|2(
√
1
3
sinϕP +
√
2
3
cosϕP )
2 ≈ 0, this implies |g+ 1√
3
g′M +
1
3
g′E |2 ≈ 0
or (
√
1
3
sinϕP +
√
2
3
cosϕP )
2 ≈ 0. If |g+ 1√
3
g′M +
1
3
g′E|2 ≈ 0, we can see B˜r(J/ψ → Epi+ρ−) =
B˜r(J/ψ → Epi−ρ+) = B˜r(J/ψ → Epi0ρ0) ≈ 0; However if (
√
1
3
sinϕP +
√
2
3
cosϕP )
2 ≈ 0,
it indicates B˜r(J/ψ → Eη′ρ0) ≈ 0, and we can not observe X(1835) in the process J/ψ →
ρ0X(1835), with X(1835) → pp or X(1835) → η′π+π−. This conclusion is consistent with
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the result Br(J/ψ → ρX(1835)) < Br(J/ψ → ωX(1835)) which has been obtained in the
Sec.II.B.
C. J/ψ → EV P
Similar to the above two cases, the effective lagrangian responsible for the decay is
Leff = εµναβF µνΨ {g′′8F αβEVaPa + g′′1F
αβ
Eω1
Pη1 + [g
′′
M,88d
abcF αβEVaPbM
c +
√
2
3
g′′M,81F
αβ
EVa
MaPη1
+
√
2
3
g′′M,18F
αβ
Eω1
MaPa] + [g
′′
E,88d
abcF αβEVaPbE
c +
√
2
3
g′′E,81F
αβ
EVa
EaPη1 +
√
2
3
g′′E,18F
αβ
Eω1
EaPa]}
(25)
under the nonet symmetry, the relations g′′8 = g
′′
1 ≡ g′′, g′′M,88 = g′′M,81 = g′′M,18 ≡ g′′M and
g′′E,88 = g
′′
E,81 = g
′′
E,18 ≡ g′′E hold. From Eq.(19) and the above lagrangian Eq.(25) we can
obtain the following reduced branching fractions:
B˜r(J/ψ → π+Eρ−) = B˜r(J/ψ → π−Eρ+) = B˜r(J/ψ → π0Eρ0) = |g′′ + 1√
3
g′′M +
1
3
g′′E|2
B˜r(J/ψ → K+EK∗−) = B˜r(J/ψ → K−EK∗+) = |g′′ − 1
2
√
3
g′′M +
1
3
g′′E|2
B˜r(J/ψ → K0E
K
∗0) = B˜r(J/ψ → K0EK∗0) = |g′′ − 1
2
√
3
g′′M −
2
3
g′′E |2
B˜r(J/ψ → ηEφ) = |g′′ cos(θP − ϕV )− (g′′M +
1√
3
g′′E)[
1√
3
cos θP cosϕV +
√
2
3
sin(θP + ϕV )]|2
B˜r(J/ψ → ηEω) = |g′′ sin(ϕV − θP ) + (g′′M +
1√
3
g′′E)[−
1√
3
cos θP sinϕV +
√
2
3
cos(θP + ϕV )]|2
B˜r(J/ψ → ηEρ0) = |g′′E|2(
1√
3
cos θP −
√
2
3
sin θP )
2
B˜r(J/ψ → η′Eφ) = | − g′′ sin(ϕV − θP ) + (g′′M +
1√
3
g′′E)[−
1√
3
sin θP cosϕV +
√
2
3
cos(θP + ϕV )]|2
B˜r(J/ψ → η′Eω) = |g′′ cos(ϕV − θP ) + (g′′M +
1√
3
g′′E)[−
1√
3
sin θP sinϕV +
√
2
3
sin(θP + ϕV )]|2
B˜r(J/ψ → η′Eρ0) = |g′′E|2(
1√
3
sin θP +
√
2
3
cos θP )
2
B˜r(J/ψ → π0Eφ) = |g′′E|2(
1√
3
cosϕV −
√
2
3
sinϕV )
2
B˜r(J/ψ → π0Eω) = |g′′E|2(
1√
3
sinϕV +
√
2
3
cosϕV )
2 (26)
15
here θP is the mixing angle of η and η
′ with θP ≈ −16.9◦ ± 1.7 ◦[41], and we can find the
relation
B˜r(J/ψ → π0Eφ)
B˜r(J/ψ → π0Eω)
= (
1√
3
cosϕV −
√
2
3
sinϕV
1√
3
sinϕV +
√
2
3
cosϕV
)2 = (
1−√2 tanϕV
tanϕV +
√
2
)2 (27)
In summary, the other exotic states in the weight diagram are expected to be observed in
future, and these relations between the branching fractions can be served as a guide to the
experimental search for these exotic states.
IV. CONCLUSION AND DISCUSSION
In conclusion, the processes Υ → γX(1835) and J/ψ → ωX(1835) have been investi-
gated. Considering the large coupling of X(1835) with pp and η′π+π−, we propose that
X(1835) is a baryonium with sizable gluon content, and mainly belongs to a SU(3) flavor
singlet. In this scheme, we can finely understand the observation data both in the process
J/ψ → γX(1835), X(1835) → pp[2] and in J/ψ → γX(1835), X(1835) → η′π+π−[1]. We
estimate that in the Υ(1S) radiative decay the product branching fraction Br(Υ(1S) →
γX(1835))Br(X(1835) → pp) < 6.45 × 10−7, which is compatible with the CLEO’s ex-
perimental upper limit Br(Υ(1S) → γX(1835))Br(X(1835) → pp) < 5 × 10−7[5]. Noting
that in these processes the gluon component plays important role due to the UA(1) anomaly.
Thus, we find out that the drastic smallness of Br(Υ(1S)→ γX(1835)) is caused the special
nature of X(1835), and it does not contradict with the experimental evidence of X(1835)
revealed in the process J/ψ → γX(1835) by BES.
In our baryonium scheme of X(1835), we found out also that Br(J/ψ → ωX(1835)) =
(2.00±0.35)×10−5, 8.00×10−7 < Br(J/ψ → ωX(1835))Br(X(1835)→ pp) < 2.80×10−6,,
and 2.40 × 10−6 < Br(J/ψ → ωX(1835))Br(X(1835) → η′π+π−) < 8.40 × 10−6. The
production of X(1835) in the process J/ψ → ωX(1835) are heavily suppressed. We also
point out that Br(J/ψ → ρX(1835)) < Br(J/ψ → ωX(1835)), so it is very difficult to
observe X(1835) in the process J/ψ → V X(1835)(here V is ω or ρ) with X(1835)→ pp or
X(1835) → η′π+π−, and the J/ψ radiative decay is the most suitable place for searching
X(1835). We address that the baryonic component dominates the decay J/ψ → V X(1835)
with V is ω or ρ, since the UA(1) anomaly contributions are suppressed in these processes.
The experimental check for the above results are expected.
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Finally we conjecture the existence of baryonium nonet, which is supported in Ref.[12]
and Ref.[9], and the nonet can be pseudoscalar(EPi) or vector(EVi). The pp enhancement
X(1835) is identified as Eη′ , and the pΛ enhancement[3] can be EK∗+ or EK+. We derive
the reduced branching fractions of J/ψ → EPP , J/ψ → EPV and J/ψ → EV P in a model
independent way basing on SU(3) symmetry with the symmetry breaking included. The
relations between the branching fractions can be served as a guide to the experimental
search for these exotic states.
ACKNOWLEDGMENTS
We would like to acknowledge Prof. S.Jin and Prof. X.Y. Shen for discussion on J/ψ →
ωX(1835). This work is partially supported by National Natural Science Foundation of
China under Grant Numbers 90403021 and 10375074, and by the PhD Program Funds of
the Education Ministry of China and KJCX2-SW-N10 of the Chinese Academy.
[1] M. Ablikim, et al. BES Collaboration, hep-ex/0508025, Phys.Rev.Lett. 95 (2005) 262001.
[2] J.Z.Bai et al. BES Collaboration, Phys. Rev. Lett. 91, 022001(2003).
[3] BES Collaboration, M. Ablikim et al.,Phys. Rev. Lett. 93,112002(2004).
[4] S.Jin, talk presented at International Conference on QCD and Hadronic Physics, Beijing,
China, 6/16-6/20, 2005; S.S.Fang, talk presented at International Conference on QCD and
Hadronic Physics, Beijing, China, 6/16-6/20, 2005; X.Y.Shen, Talk presented at Lepton-
Photon 2005, 6/30-7/5, 2005, Uppsala, Sweden.
[5] S.B. Athar, et al, CLEO Collaboration, hep-ex/0510015, submitted to PRD.
[6] J.L.Rosner, Phys. Rev. D68 (2003)014004, hep-ph/0303079.
[7] A.Datta and P.J.O’Donnell, Phys. Lett. B567, 273 (2003), hep-ph/0306097.
[8] B.S.Zou and H.C.Chiang, Phys. Rev. D69. 034004 (2004); Chong-Shou Gao and Shi-Lin
Zhu, Commun. Theor. Phys. 42 (2004) 844, hep-ph/0308205; Xiao-Gang He, Xue-Qian Li
and J.P.Ma, Phys. Rev. D71 (2005) 014031, hep-ph/0407083; Shi-Lin Zhu and Chong-Shou
Gao, hep-ph/0507050; C.H.Chang and H.R.Pang, Commun. Theor. Phys. 43, 275 (2005),
hep-ph/0407188.
[9] C.Z.Yuan, X.H.Mo and P.Wang, Phys. Lett. B626 (2005) 95-100, hep-ph/0506019.
17
[10] Mu-Lin Yan, Si Li, Bin Wu and Bo-Qiang Ma, Phys. Rev. D72, 034027 (2005).
[11] Gui-Jun Ding and Mu-Lin Yan, Phys. Rev. C72: 015208, 2005, hep-ph/0502127.
[12] Gui-Jun Ding, Jia-lun Ping and Mu-Lin Yan, hep-ph/0510013.
[13] N.Kochelev and Dong-Pil Min, Phys.Lett. B633 (2006) 283-288,hep-ph/0508288; Phys.Rev.
D72 (2005) 097502, hep-ph/0510016.
[14] Xiao-Gang He, Xue-Qian Li et al., hep-ph/0509140.
[15] Bing-An Li, hep-ph/0510093.
[16] Tao Huang, Shi-Lin Zhu,Phys. Rev. D73 (2006) 014023, hep-ph/0511153.
[17] S.J.Brodsky, D.G.Coyne, T.A.DeGrand, and R.R.Horgan, Phys. Lett. B73, 203 (1978).
[18] C. Morningstar and M. Peardon, Phys. Rev. D56 (1997) 4043; A. Hart and M. Teper, Phys.
Rev. D65 (2002) 34502.
[19] S. Narison, Nucl. Phys. B509 (1998) 312; H. Forkel, Phys. Rev. D71 (2005) 054008.
[20] E. Fermi and C.N. Yang, Phys. Rev. 76 (1949) 1739.
[21] S. Sakata, Prog. Theor. Phys. 16 (1956) 686.
[22] T. Nakano and K. Nishijima, Prog. Theor. Phys. 10 (1953) 581; K. Nishijima, Prog. Theor.
Phys. 12 (1954) 107; idid, 13 (1955) 285; M. Gell-Mann, Phys. Rev. 92 (1953) 833.
[23] V.A.Novikov, M.A.Shifman, A.I.Vainshtein and V.I.Zakharov, Nucl. Phys. B165, 55 (1980).
[24] N. Brambilla et al.,Heavy Quarkonium Physics, CERN Yellow Report, hep-ph/0412158.
[25] J. P. Ma, Phys. Rev. D65, 097506 (2002), hep-ph/0202256.
[26] Particle Data Group, S.Eidelman et al., Phys. Lett. B 592, 1 (2004).
[27] L. Micu, Nucl. Phys. B 10, 521, 1969.
[28] H.G. Blundell and S. Godfrey, Phys. Rev.D53, 3700, 1996; A. Le Yaouanc, L. Oliver, O. Pe`ne
and J. Raynal, Phys. Lett. B71, 397, 1977; B72, 57, 1977; P.R. Page, Nucl. Phys. B446, 189,
1995; S. Capstick and N. Isgur, Phys. Rev. D34, 2809, 1986; W.Roberts and B.Silvestre-Brac,
Few Body Syst. 11, 171 (1992).
[29] A. Le Yaouanc, L. Oliver, O. Pe`ne and J. Raynal, Phys. Rev. D8, 2223, 1973; D9, 1415, 1974;
D11, 1272, 1975; Phys. lett. B71, 57(1977).
[30] A. Le Yaouanc, L. Oliver, O. Pe`ne and J. Raynal, Phys. Lett. B72, 57, 1977.
[31] A. Le Yaouanc, L. Oliver, O. Pe`ne and J. Raynal, Hadron Transitions in the Quark Model,
Gordon and breach science publishers, New York, 1987.
[32] S. Capstick and W. Roberts, Phys. Rev. D49, 4570, 1994.
18
[33] S.Godfrey and N.isgur, Phys. Rev. D32, 189, (1985).
[34] E.S. Ackleh, T. Barnes, and E.S.Swanson, Phys. Rev. D54, 6811, 1996.
[35] H.Q. Zhou, R.G. Ping and B.S. Zou, Phys. Lett. B611, 123,2005; Phys. Rev. D71:
114002,2005.
[36] R.G. Ping, B.S. Zou, H.C. Chiang, Eur. Phys. J.A23 :129-133,2004 ; Phys. Rev.D66: 054020,
2002.
[37] R.G Ping, H.Q Jiang, P.N Shen and B.S Zou, Chin. Phys. Lett. 19, 1592, 2002;
[38] L. Kopke, N. Wermes, Phys. Rept.174: 67,1989.
[39] H. E. Haber, J. Perrier, Phys. Rev. D32 :2961,1985.
[40] A. Seiden, H. F.-W. Sadrozinski, H. E. Haber, Phys. Rev. D38 :824,1988.
[41] A. Bramon, R. Escribano, and M. D. Scadron, Phys. Lett. B403 (1997) 339-343,
hep-ph/9703313.
19
FIG. 1: A schematic diagram for J/ψ → ωX(1835) → pp in a mechanism with a 3P0 quark pair
created in two configurations.
FIG. 2: A schematic diagram for J/ψ → ωη′ decay mechanism (a) a 3P0 quark pair created;(b) no
3P0 quark pair created.
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FIG. 3: The weight diagram for the pseudoscalar baryonium octet
.
FIG. 4: The weight diagram for the vector baryonium octet
.
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